Knee injuries are common in young athletes, with the Medial Collateral Ligament (MCL) being the most frequently injured structure. Proximal tibia physeal fractures, on the other hand, are relatively uncommon, comprising less than 1% of all physeal fractures in the skeletally immature [1] . There are few reports discussing soft tissue interposition in physeal fractures about the knee. We present 2 cases of MCL entrapment within a displaced Salter Harris 1 proximal tibia fracture, both of which were treated surgically. One patient subsequently developed a premature physeal closure with an associated leg length discrepancy. We believe these cases should heighten clinician awareness of this injury pattern and emphasize the importance of advanced imaging in the evaluation of skeletally immature patients with significant medial sided knee injuries.
Introduction
As the youth population becomes increasingly involved in competitive athletics, knee injuries have become a frequent reason to seek orthopedic care. The MCL is the most common ligament to be injured in the knee, especially with sports like football, soccer, skiing, and ice hockey [2] . The mechanism of injury typically involves a valgus force that stresses the medial sided structures of the knee, including the deep and superficial fibers of the MCL, in addition to the proximal tibial physis and the distal femoral physis. Differentiating an MCL injury from a physeal fracture may be challenging and advanced imaging may be necessary to distinguish these different diagnoses. Clinically, this is relevant because the management of a physeal fracture about the knee may differ from the management of an isolated MCL injury. Combined injuries to both the MCL and the physis are extremely rare, with only a few cases being reported in the literature. The purpose of this report is to present two patients who presented to our clinic with proximal tibia physeal fractures with the superficial MCL entrapped within the fracture site. Our focus is on the clinical, radiographic, and surgical findings of this unique injury pattern, as well as a review of the pertinent literature.
Case report 1
A 13 year-old male patient presented with left knee pain 4 days removed from a football injury. He was struck on the lateral aspect of his left knee, sustaining a valgus force. The patient noted significant swelling but denied feeling a pop, mechanical symptoms, or instability. The patient was treated in a knee immobilizer until presenting to clinic. On exam, he was noted to have significant medial knee pain, swelling, and poor range of motion. Widening was noted on valgus stress testing but further ligamentous examination was limited due to patient pain. Radiographs revealed slight widening of the medial tibial physis and a buckle fracture of the proximal fibular metaphysis ( Figure 1A ). An MRI was obtained, which revealed a Salter Harris 1 fracture of the proximal tibia with complete avulsion of the superficial fibers of the MCL ( Figure 1B) . The MCL was reflected proximally and entrapped within the proximal tibial physis. Given this finding, the patient was taken for operative treatment where open reduction was performed. During this procedure, valgus stress allowed the MCL to be extracted and subsequently repaired using a single suture anchor ( Figure 1C -F). The physeal fracture was then reduced and stabilized with crossed K-wires ( Figure 1G ). The patient was placed into a cast for 4 weeks post-operatively until the pins were removed. His postoperative rehabilitation began at the 4 week visit when he was placed into a knee brace and began PT-supervised gentle range of motion ( Figure 1H ).
Case report 2
A 13 year-old male injured his right knee playing football when he was tackled from the side by another player. The helmet struck him on the lateral side of the knee with a valgus force. He had pain and swelling and was initially treated with a knee immobilizer. In clinic, he had medial knee pain, significant swelling, limited motion, and a ligamentous exam that was severely limited due to patient discomfort. Radiographs revealed widening of the medial proximal tibial physis (Figure 2A ). An MRI was obtained and showed a Salter Harris 1 fracture of the proximal tibial physis with entrapment of the superficial MCL ( Figure 2B ).The patient was taken to the operating room for open reduction, removal of the MCL from the physis, and crossed k-wire fixation ( Figure 2C ). Post-operatively, he was treated in a long leg cast for 3 weeks until the pins were removed. He was then transitioned to a knee brace and physical therapy commenced at the 6 week mark for range of motion.
Radiographs obtained at 6 months were concerning for a premature physeal closure and a CT scan was subsequently obtained which confirmed a central physeal closure ( Figure 2D ). Given his advanced bone age, the decision was made to follow his premature Page -02 ISSN: 2334-2846 physeal closure clinically. At skeletal maturity his leg length discrepancy measured 1.7 cm,left greater than right, with his tibia shorter by 9mm and his femur shorter by 8mm ( Figure 2E ). At his 2-year follow-up, the patient remains asymptomatic and has returned to full sport, including football and rugby.
Discussion
The two cases presented in this report share many common features both with their presentation and treatment. Both patients were males in their early teenage years injured playing football by a valgus mechanism. They presented to clinic with pain and swelling out of proportion to the typical MCL injury patient. Radiographs revealed widening of the medial proximal tibial physis and MRI confirmed the MCL fibers being interposed within the fracture site. In the operating room, under open direct visualization, it was noted that the MCL was entrapped in the physis. Once this was removed, anatomic reduction was achieved and held with crossed K-wires. While both fractures healed with no evidence of late instability, longterm follow-up on one patient revealed a premature physeal closure. At skeletal maturity, the patient's leg length discrepancy was less than 2 cm and asymptomatic, so no further treatment was pursued. 
ISSN: 2334-2846
periosteum in a proximal tibia physeal fracture that was confirmed on pre-operative imaging [4] . The effects of interposed soft tissue within the physis remains controversial as it pertains to possible premature physeal closure.
Two reports in the literature exist of skeletally immature patients with MCL injuries that became entrapped within the peri-articular structures of the knee. Desai et al. presented a 9 year-old boy injured while jumping on a trampoline. His knee exam was notable for valgus instability and his MRI showed that his MCL was entrapped within in the joint beneath the medial meniscus. Open direct repair confirmed these findings and yielded a good outcome [5] . The second case, reported by McAnally et al., describes a 13 year-old male with a valgus injury to the knee. On exam, the patient had valgus laxity and radiographs showed widening of the proximal medial tibial physis. MRI and operative findings confirmed a physeal fracture with torn and interposed medial collateral ligament [6] . When treating a proximal tibia physeal injury, residual gapping at the fracture site after an attempted closed reduction should alert the clinician that interposed periosteum or MCL fibers may be present at the fracture site. We present the cases of two such patients including presentation, imaging, and management.
This injury pattern should be considered in patients with a proximal tibia physeal injury, widening of the medial physis, and valgus instability. MRIs in our two cases were diagnostic for pre-operatively identifying this lesion. If undiagnosed, this injury pattern may be a cause for persistent valgus instability after healing of the physeal fracture. Despite the fact that these injuries were treated with removal of the interposed MCL and anatomic reduction of the fracture, one of our patients developed a premature physeal closure. Appropriate counseling of the patient and family regarding the risk of premature physeal closure is warranted, even if the lesion is appropriately identified and treated. After treatment, serial radiographs should be obtained at 6 and 12 months to assess for evidence of physeal closure. If a premature physeal closure is suspected, a CT scan can be obtained to confirm and localize the closure. For proximal tibia physeal fractures, the reported rates of premature closure range from 10-20% [7] . It is likely the rates are similar, if not higher, for this injury pattern, given the more significant injury to the joint. With the proximal tibial physis contributing approximately 6mm of longitudinal growth per year, aphyseal closure in early adolescence may cause significant leg length discrepancy or angular deformity over time. It is important that this be discussed with the family and followed with serial radiographs.
